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ROLL MANUFACTURING METHOD AND
MANUFACTURING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a national phase entry under 35 U.S.C.
§ 371 of International Application No. PCIT/KR2014/
010479, filed Nov. 4, 2014, published 1n Korean, which
claims priority to Korean Patent Application No. 10-2013-
0133104, filed on Nov. 4, 2013, the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and apparatus
for manufacturing a roll, and more particularly, to a method
and apparatus for manufacturing a roll able to prevent a web
from coming into contact with the surface of equipment
through ultrasonic vibrations, thereby preventing the possi-
bility of defects occurring 1n the web.

Description of Related Art

As display devices become thinner and lighter, glass
substrates are also becoming thinner. Due to the continuing
trend for thinner device profiles, the thickness of substrates
has changed from the existing thickness of 0.7 mm to a
currently-preferred thickness of 0.5 mm or less. At a sub-
strate thickness of 0.3 mm or less, difliculties in transpor-
tation become higher, as compared to existing sheet types.
This consequently decreases yield and limits productivity.
Accordingly, an approach of applying a roll-to-roll process,
a process that has commonly been used 1n the film mdustry,
to the manufacturing of substrates was proposed in order to
improve productivity and respond to the trend for thinner
substrate profiles.

Currently 1n the film industry, roll-to-roll systems typi-
cally use contact transportation to transport a web since the
surface quality of the web 1s not an important factor 1n this
industry. However, 1n the glass substrate industry to which
the present ivention relates, the surface quality of a glass
substrate 1s an important factor, and the quality of a product
may be adversely influenced by surface scratches, contami-
nants or substrate damage that could result from the contact
transportation.

An existing approach for avoiding such problems includes
attaching or applying a separate release material to a sub-
strate. However, this approach requires separate equipment
to be added, making the process complicated and increasing,
equipment costs. In addition, the additional attached or
applied material 1s continuously consumed, contributing to
an increase in the price of products.

A non-contact transportation approach using air tloatation
was 1ntroduced 1n order to overcome the drawbacks of the
above-mentioned transportation through contact. However,
the air floatation scheme may cause problems when applied
to the transportation of a thin glass web. Considering the
maternial properties of the thin glass web, the air floatation
may have sigmificant dynamic effects on the thin glass web
due to external vibrations. In addition, the thin glass web 1s
a brittle material that easily breaks. For example, the air
floatation has difliculties in terms of control of a flow of flmd
and 1s influenced by turbulence, thereby resulting in the
transportation of the glass web being unstable. Conse-
quently, the glass web may come into contact with the
surface of the system, or variations in the lateral position of
the glass web may increase when the glass web 1s being
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wound. In addition, when air 1s contaminated, the surface of
the glass web may also be contaminated, leading to an

adverse eflect on the quality of a resultant product. Further-
more, since a predetermined pressure of filtered air must be
continuously fed, a significant utility cost 1s caused, thereby
increasing manufacturing costs.

In addition, if the process 1s elongated, the connection of
pipes for supplying the floating air becomes more compli-
cated, thereby increasing 1nitial equipment investment costs.

In an operation of processing a web (e.g. cutting, polish-
ing, shaping, printing on, or coating the web), more particu-
larly, n a thin web processing operation, the web may
vibrate for a variety of reasons, such as mechanical vibra-
tions. In some cases, the web may vibrate undesirably
through resonance. Such vibrations of the web not only
generate noise, but also become a factor in lowering and
degrading, several types of processmg precision. Such vibra-
tions also cause adverse eflects not only on the operation of
processing the web, but also on the precision of the opera-
tions of examining, measuring, controlling, or transporting
the web.

Vibration suppressing methods of the related art include a
method of suppressing vibrations 1n a non-contact manner
using a flow of fluud (high-pressure air) (Korean Patent
Application Publication No. 10-2003-0053390, ftitled
“DEVICE FOR SUPPRESSING VIBRATION OF STEEL
SHEET IN NON-CONTACT MANNER IN CONTINU-
OUS STEEL MAKING LINE”). However, according to this
method, 1t 1s crltlcally dithicult to umformly adjust the height
of the web using only the rate of air flow, and the force
maintaining the web 1n a non-contact state 1s very weak.
Thus, the web tends to touch the device when the web 1s 1n
an unstable state (e.g. trembling) (Korean Patent Application

Publication No. 10-2011-0095191, titled “NON-CONTACT
DANCER MECHANISM”).

BRIEF SUMMARY OF THE

INVENTION

Various aspects of the present invention provide a method
and apparatus for manufacturing a roll able to prevent a web
from coming into contact with the surface of equipment
through ultrasonic vibrations, thereby preventing the possi-
bility of defects occurring in the web, and able to improve
transportation quality for the web based on the reliable
floating force of ultrasonic waves.

Also provided are a method and apparatus for manufac-
turing a roll able to suppress vibrations occurring during a
web processing operation while reliably maintaining the
web 1n a non-contact state by applying uniform pressure
onto the glass web Without mechanical contact.

In an aspect of the present invention, provided 1s a method
of manufacturing a roll that includes the following opera-
tions of: shaping a raw material into a web; transporting the
shaped web; suppressing vibrations of the web using a
vibration suppressing unit disposed on at least one point of
a path along which the web 1s transported; and winding the
transported web 1nto a roll. The vibration suppressing unit
includes a first ultrasonic vibrator and a second ultrasonic
vibrator spaced apart from and facing each other such that
the web 1s disposed therebetween. The first ultrasonic vibra-
tor and the second ultrasonic vibrator hold the web therebe-
tween 1 a non-contact manner by generating ultrasonic
vibrations and applying repelling force induced from the
ultrasonic vibrations onto the web, thereby suppressing
vibrations of the web.

In another aspect of the present invention, provided 1s an
apparatus for manufacturing a roll that includes: a shaping
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unit shaping a raw material into a web; a transportation unit
transporting the shaped web; a vibration suppressing unit
disposed on at least one point of a path along which the web
1s transported to suppress vibrations of the web; and a
winding unit winding the transported web into a roll.

According to the present invention as set forth above, 1t 1s
possible to prevent a web from coming into contact with the
surface of equipment through ultrasonic vibrations, thereby
preventing the possibility of defects occurring 1n the web,
and able to improve transportation quality for the web based
on the reliable floating force of ultrasonic waves.

In addition, 1t 1s possible to reliably perform a plurality of
operations on a web, including processing, examination,
measurement, control and transportation, by preventing
defects from occurring in the web by mechanical contact and
suppressing vibrations of the web.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side-elevation view illustrating a
first exemplary embodiment of an apparatus for manufac-
turing a roll according to the invention;

FIG. 2 1s a schematic side-elevation view illustrating a
second exemplary embodiment of the apparatus for manu-
facturing a roll according to the invention;

FI1G. 3 1s a cross-sectional view of a web formed using the
shaping umt 1llustrated in FIG. 1 and FIG. 2, viewed along
the width of the web;

FIG. 4 schematically illustrates the principle of suppress-
ing vibrations using the vibration suppressing unit 1llustrated
in FIG. 2;

FIG. 5 schematically illustrates the redirection unit illus-
trated in FIG. 1 and FIG. 2;

FIG. 6 to FIG. 8 schematically illustrate other embodi-
ments of the redirection unit;

FIG. 9 schematically illustrates the transportation unait;
and

FIG. 10 schematically illustrates the principle of adjusting,

tension using the tension adjustment umt illustrated in FIG.
2.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Reference will now be made 1n detail to embodiments of
the present invention 1n conjunction with the accompanying
drawings and described below, so that a person skilled 1n the
art to which the present mnvention relates could easily put the
present mvention 1nto practice.

Throughout this document, reference should be made to
the drawings, 1n which the same reference numerals and
s1gns are used throughout the different drawings to designate
the same or stmilar components. In the following description
of the present invention, detailed descriptions of known
functions and components mcorporated herein will be omit-
ted 1n the case that the subject matter of the present invention
1s rendered unclear.

FIG. 1 1s a schematic side-elevation view illustrating a
first exemplary embodiment of an apparatus for manufac-
turing a roll according to the invention.

The apparatus for manufacturing a roll illustrated 1n FIG.
1 includes a shaping unit 400, a transportation unit 100, a
redirection unit 600 and a winding unait.

The shaping unit 400 shapes a raw maternial 1nto a glass
web W. The redirection unit 600 changes the direction in
which the glass web W 1s transported. On the paper surface
of FIG. 1, the redirection unit 600 changes the direction of
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transportation from a vertically downward direction to a
horizontal direction. Specifically, the glass web W shaped 1n
the shaping operation is transported vertically downward to
arrive at the redirection unit 600 that 1s disposed on the path
along which the glass web W 1s transported. The direction of
transportation of the glass web W 1s changed from the
vertically downward direction to the horizontal direction by
the redirection unit 600. The winding unit winds the trans-
ported web W mto a roll. The winding unit includes a
protective film reel 712 from which a protective film 1s
unwound and a winding reel 711 on which the glass web W
1s wound together with the protective film.

While the glass web W 1s typically a glass web, the
present invention 1s not limited thereto and the glass web W
can be formed of a variety of other materials. The present
invention relates to a method and apparatus for manufac-
turing a web, more particularly, a thin glass web 1n the shape
of a roll. St1ll more particularly, the present invention relates
to a method and apparatus for manufacturing a glass roll
using non-contact transportation.

For this, the present invention provides a non-contact web
transportation device using ultrasonic waves. A glass web W
manufactured using a glass substrate shaping device based
on a fusion draw process or a floating process 1s transported
in a non-contact manner using a non-contact ultrasonic
technology disclosed 1n Korean Patent Application Publica-
tion No. 10-2010-0057530, and 1s finally formed as a glass
roll.

Since the glass web W shaped 1n the shaping umt 400 1s
transported without contact with equipment and 1s finally
wound on the glass roll, it 1s possible to manufacture the
glass roll without surface damage or contamination. The
glass web W or glass sheets produced therefrom can be used
in a variety of fields, such as displays, electronic materials
(e.g. photovoltaic cells, touch sensors and waters), construc-
tion and home appliances.

FIG. 2 1s a schematic side-elevation view illustrating a
second exemplary embodiment of the apparatus for manu-
facturing a roll according to the invention.

In order to manufacture a glass roll, the apparatus for
manufacturing a roll includes a vibration suppressing unit
200 configured to sately transport a glass web W transported
vertically downward from the shaping unit 400 and prevent
the glass shaping operation from being influenced by down-
stream vibrations. It 1s preferable that the vibration sup-
pressing unit 200 suppresses vibrations of the glass web W
by applying the repelling force of a high-pressure air layer
induced from ultrasonic vibrations onto the glass web W
shaped 1n the shaping unit 400 before the glass web W 1s
cooled to a temperature below the softening temperature
thereof. Since vibrations have a significantly adverse effect
on the quality of the glass web W when transierred to the
glass web W at a temperature below the softening tempera-
ture thereof, 1t 1s necessary to suppress vibrations of the
glass web W before being cooled below the softening
temperature thereof.

The apparatus for manufacturing a roll further includes
the redirection unit 600 for redirecting a glass web 1n a
non-contact manner in order to transport the glass web W
that has moved vertically downward.

After the direction of transportation of the glass web W 1s
changed to a horizontal direction, the glass web W passes
through a cutting unit 301. The cutting unit 301 cuts the
glass web W, preferably, using a laser 1n a non-contact
manner. In order to help the cutting be reliable, the vibration
suppressing umt 200 applies repelling force induced from
ultrasonic vibrations onto at least one of both adjacent
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portions of the web that are lengthwise adjacent to a cut
portion that 1s being cut. FIG. 2 illustrates an embodiment in
which the repelling force 1s applied to both adjacent portions
that are lengthwise adjacent to the cut portion that 1s being
cut.

The vibration suppressing unit 200 1s disposed on at least
one point of the path along which the trimmed portion cut by
the cutting unit 501 1s discharged separately from the glass
web W 1 order to suppress vibrations of the trimmed
portion.

The glass web W from which the trimmed portion 1s
separated 1s wound on an intermediate reel 713 as a glass
roll.

Afterwards, the glass web can be unwound from the
intermediate reel 713, transported 1n a non-contact manner,
and wound on a winding reel as a glass roll, thereby forming
the glass roll from the glass web W without damage thereto.
The operation of winding the glass web W on the iterme-
diate reel 713 and the operation of unwinding the glass web
W from the intermediate reel 713 can be carried out dis-
continuously or separately. The operation of unwinding the
protective film from the protective film reel 714 and the
operation of winding the protective film on the protective
film reel 716 can be carried out discontinuously or sepa-
rately. The protective film reel 714 and the protective film
reel 716 can be the same as or diflerent from each other. In
some cases, (1) a set of operations from the operation of
shaping the glass web W to the operation of wining the glass
web W on the intermediate reel and (11) a set of operations
from the operation of unwinding the glass web W from the
intermediate reel to the operation of winding the glass web
W on the winding reel can be carried out by different parts.

The apparatus for manufacturing a roll further includes a
non-contact tension adjustment unit 300 that can adjust the
tension of the glass web W while absorbing the torsion of the
glass web W. The tension adjustment unit 300 1s disposed on
at least point of the path along which the glass web W 1s
transported.

In addition, the transportation unit 100 includes an ultra-
sonic vibration unit and a contact transportation umt. The
contact transportation unit transports at least one point of the
glass web W floated by the ultrasonic vibration unit in
contact with the at least one point of the glass web W,
thereby increasing the reliability of transportation. The con-
tact transportation unit may include, for example, a belt or
clamps.

The apparatus for manufacturing a roll illustrated 1n FIG.
2 further includes the redirection unit 600, the cutting unit
501, the vibration suppressing unit 200, the tension adjust-
ment unit 300, a cleaning unit 800 and an examination unit
900, in addition to the shaping unit 400, the transportation
unit 100 and the winding unit.

When the shaping unit 400 forms the glass web W using
the fusion draw process, the glass web W 1s formed 1n the Z
axis direction. As 1llustrated 1in FIG. 3, the thickness of the
opposite lateral edges of the glass web W 1s greater than the
thickness of the central portion of the glass web W. The
thinner central portion of the glass web W 1s used as a
product, whereas the non-effective both edge portions of the
glass web W are separated and removed from the glass web
W using the cutting unit 501.

The glass web W may, for example, tremble influenced by
downstream vibrations or external air currents while being
formed using the shaping umt 400. In this case, the glass
may have an unstable shape or break. Accordingly, the
vibration suppression unit 200 1s disposed inside or down-
stream of the shaping unit 400. As illustrated 1n FIG. 4, the
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vibration suppression unit 200 includes first and second
ultrasonic wave generators 231 and 232 disposed on both
sides of the glass web W such that they face both surfaces
of the glass web W 1n order to prevent the glass web W from
vibrating in the thickness direction of the glass web W 1n a
non-contact manner. Ultrasonic wave generators 231 and
232 are configured to vibrate the ultrasonic vibrators 221
and 222. Vibration absorbers 241 and 242 prevent the
vibrations of ultrasonic vibrators 221 and 222 from leaking
to the outside such that no parts other than the glass web W
are intluenced by the vibrations of the ultrasonic vibrators
221 and 222. Fixing frames 251 and 252 support the
ultrasonic vibrators 221 and 222 at fixed positions. A shell
271 encloses inner parts of the vibration suppressing unit
200.

After the glass web W 1s manufactured 1n this manner, the
direction 1n which the glass web W 1s transported 1s changed
using a non-contact glass web redirection unit 1llustrated in
FIG. 5 to FIG. 8. When a manufacturing site 1s sufliciently
high, the glass web W can be continuously transported in the
7. axis direction without the redirection unit.

The redirection unit 600 1s a device for changing the
direction of the glass web W from the Z axis to the X axis
without contact with the glass web W using a non-contact
ultrasonic technology. As illustrated in FIG. 5, the redirec-
tion unit 600 includes a non-contact transportation unit 601.
It 1s possible to support the glass web W 1n a non-contact
manner by applving floating force onto the glass web W 1n
a non-contact manner by applying the repelling force of a
high-pressure air layer induced from ultrasonic vibrations
onto the entire area of a curved section of the glass web W.
As 1llustrated in FIG. 6, it 1s possible to provide a non-
contact support to predetermined portions of the curved
section of the glass web W along the width 1n order to reduce
equipment costs. As illustrated 1n FIG. 7, it 1s also possible
to combine the non-contact transportation unit 601 with a
contact transportation unit 602. The contact transportation
umt 602 transports at least one point of the glass web W
floated by the non-contact transportation unit 601 while
keeping 1n contact with the at least one point. The contact
transportation unit 602 can be disposed to contact the
ineflective area of the glass web W 1n order to more reliably
transport the glass web W. The eflective area refers to a
usable area of the glass web W or a glass sheet produced
therefrom, whereas the ineflective area indicates an unus-
able area. For example, when the glass web W 1s cut along
the width and subsequently 1s used as a display glass
substrate, the eflective area forms an usable area, 1.e. a
display area, whereas the ineflective area forms an unusable
area or a non-display area, 1.e. a peripheral area through
which screen light does not pass. Here, the contact trans-
portation unit 602 may be implemented as rollers, a belt or
clamps. In addition, as illustrated 1n FIG. 8, the redirection
unit 600 can be implemented as a vibration suppressing unit
including first and second ultrasonic vibrators 603 and 604
that face each other. The first and second ultrasonic vibrators
603 and 604 can prevent vibrations from the downstream
from being transferred to the shaping unit and guide the
glass web W such that the transportation direction of thereof
can be more efliciently changed.

After the transportation direction of the glass web W 1s
changed, the glass web W 1s transported by the transporta-
tion unit 100. The transportation unit 100 1s disposed on at
least one point of the path along which the glass web W 1s
transported. The transportation unit 100 includes a non-
contact transportation unit 101, as illustrated 1n FIG. 9. The
non-contact transportation unit 101 can support the entire
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area or a portion of a corresponding section of the glass web
W. The non-contact transportation unit 101 applies floating
force onto the glass web W 1n a non-contact manner by
generating ultrasonic vibrations and applying the repelling
force of a high-pressure air layer induced from the ultrasonic
vibrations onto the glass web W. In addition, as illustrated in
FIG. 9, the transportation unit 100 may further include a
contact transportation unit 102 as required. The contact
transportation umt 102 transports at least one point of the
glass web W tloated by the non-contact transportation unit
101 while keeping 1n contact with the at least one point. It
1s preferable that the contact transportation unit 102 contacts
only a portion of the glass web within a predetermined
length from the opposite lateral edges of the glass web. It 1s
preferable that the contact transportation unit 102 contacts
the portion to be trimmed away before the trimming and
subsequently the meflective area after the trimming. Here, 1t
1s preferable that the width of the portion to be contacted 1s
less than 10 mm. The non-contact transportation unit 101
floats the eflective area by applying repelling force onto the
cllective area.

In general, the contact transportation unit 102 may contact
the opposite lateral edges of the glass web. In the case that
the contact transportation unit 102 contacts the opposite
lateral edges of the glass web, 1f the synchronization 1n the
transportation speed between two parts of the contact trans-
portation unit 102 1s failed, the glass web may skid or break
through distortion. In order to prevent 1t, the contact trans-
portation unit 102 can be disposed on only one of the lateral
edge portions. It 1s possible to transport the glass web W
even 1n the case that a small area of the glass web W 1s 1n
contact with the contact transportation unit 102, since the
glass web W 1s floated by the non-contact transportation unit
101.

As 1llustrated in FIG. 1, the cutting unit 501 1s disposed
on at least one point of the path along which the glass web
W 1s transported. The cutting unit 501 cuts the glass web W
using a mechanical cutting scheme or a laser cutting scheme.
A typical example of the laser cutting scheme includes
creating an 1mtial crack on the glass web W, locally heating
the glass web W, and subsequently propagating the crack by
cooling.

Since 1t 1s required to stably transport the glass web W
during the cutting operation, the vibration suppressing unit
200 may be disposed on at least one point of an upstream
point and a downstream point adjacent to the cutting unit
501. This configuration can prevent the cutting operation or
the like from being influenced by vibrations or waves of the
glass web W that would otherwise be transierred to the
cutting unit 301 from the upstream and/or the downstream of
the cutting unit. The trimmed portions separated from the
glass web W by the cutting unit 501 are discharged in a
different direction from the glass web W and are subse-
quently crushed. Since wvibrations occurring during the
crushing of the trirmmed portions may have adverse effect on
the cutting unit 501 when they are transierred backwards
through the trimmed portions, the vibration suppressing unit
200 1s provided to prevent the vibrations from being trans-
terred. The vibration suppressing unit 200 may be a non-
contact vibration suppressing unit or a contact vibration
suppressing unit.

The vibration suppressing unit 200 1s disposed on at least
one point of the path along which the glass web W 1is
transported 1n order to suppress vibrations of the glass web
W. As illustrated 1n FIG. 4, the vibration suppressing unit
200 includes the first ultrasonic vibrator 221 and the second
ultrasonic vibrator 222. The vibration suppressing unit 200
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may also include the ultrasonic wave generators 231 and
232, the vibration absorbers 241 and 242, the fixing frames
251 and 252, and the shell 271. The first ultrasonic vibrator
221 and the second ultrasonic vibrator 222 are spaced apart
from and face each other such that the glass web W can be
disposed therebetween. The first ultrasonic vibrator 221 and
the second ultrasonic vibrator 222 hold the glass web W
therebetween by generating ultrasonic vibrations and apply-
ing repelling force induced from the ultrasonic vibrations
onto the glass web W, thereby suppressing vibrations of the
glass web W.

The glass web W from which the trimmed portions are
separated 1s transported again by the non-contact transpor-
tation unit 101, and subsequently 1s wound on the interme-
diate reel 713 as a glass roll. When the glass web 1s wound
on the mtermediate reel 713, turns of the glass web W may
contact each other, forming scratches therecon. In order to
prevent this, the glass web W may be wound together with
the protective film which has been unwound from the
protective {ilm reel 714 such that the glass web W 1s covered
with the protective film, thereby forming a roll of the glass
web W and the protective film.

When the glass roll 1s manufactured, a separate processing
operation may be undertaken using a roll-to-roll process. As
illustrated in FIG. 2, the roll-to-roll process starts with the
operation of unwinding the glass web W from the glass roll.
In the unwinding operation, the protective film 1s recovered
from the glass web such that 1t can be mput into the
processing of the glass web W that 1s bare. As illustrated in
FIG. 2, the glass web W passes through the tension adjust-
ment unit 300 as required. A dancer of the tension adjust-
ment unit 300 includes a non-contact ultrasonic vibrator. The
ultrasonic vibrator can adjust the tension of the glass web B
in a non-contact manner by applying the repelling force of
a high-pressure air layer induced from ultrasonic vibrations
onto the glass web W,

As 1llustrated 1n FIG. 10, a non-contact dancer 320 may
be added 1n order to control the tension of the glass web W
and the speed at which the glass web W 1s transported. The
dancer 320 can control the tension of the glass web W by
continuously applying a predetermined amount of force onto
the glass web W from the outside such that the glass web W
remains under constant tension. For the purpose of speed
control, when one of an unwinding side and a winding side
1s a master and the other 1s a slave, it 1s possible to control
the difference between the unwinding speed and the winding
speed to synchronize the speeds 1n real time by 1 1ncre£-,131ng
and decreasing the winding speed of the slave by measuring

and feedbacking the height of the dancer 320 in real time.

The tension adjustment unit 300 1illustrated 1n FIG. 10
includes the dancer 320, a link 331 and supports 341 and
342.

The glass web W may undergo a cleaning operation and
an examination operation. For this, the cleaning unit 800 and
an examination unit 900 are disposed at predetermined
points on the path along which the glass web W 1s trans-
ported. The cleaning unit 800 cleans the glass web W,
whereas the examination web 900 examines the glass web
W. In addition, other operations may be added as required.
The non-contact transportation can be carried out, prefer-
ably, using the ultrasonic non-contact transportation unit 101
through these operations.

Finally, the winding unit winds the glass web W on a
winding reel 717 together with a protective film which has
been unwound from a protective film reel 718 such that the
glass web W 1s covered with the protective film, thereby

forming a roll of the glass web W and the protective film.
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What 1s claimed 1s:

1. A method of manufacturing a roll comprising;

shaping a raw material into a web;

transporting the shaped web;

suppressing vibrations of the web using a first vibration
suppressing unit disposed on at least a first point of a
path along which the web 1s transported;

winding the transported web 1nto a roll,

wherein the first vibration suppressing unit comprises a
first ultrasonic vibrator and a second ultrasonic vibrator
spaced apart from and facing each other such that the
web 1s disposed therebetween, wherein the first ultra-
sonic vibrator and the second ultrasonic vibrator hold
the web therebetween 1n a non-contact manner by

generating ultrasonic vibrations and applying repelling
force induced from the ultrasonic vibrations onto the
web such that uniform pressure 1s applied onto the web,
thereby suppressing vibrations of the web.

2. The method according to claim 1, further comprising
cleaning the web using a cleaning unit and/or examining the
web using an examiming unit, the cleaning unit and the
examining unit bemng disposed on at least one point of the
path along which the web 1s transported.

3. The method according to claim 2, further including the
step of trimming away an edge portion of the web using a
cutting unit disposed on at least one point of the path along
which the web 1s transported before cleaning and/or exam-
ining the web; and

intermediately winding the web on an intermediate reel

and intermediately unwinding the web from the inter-
mediate reel between trimming away the edge portion
of the web and cleaming and/or examining the web,
wherein intermediately winding the web 1s discontinu-
ously followed by intermediately unwinding the web.

4. The method according to claim 1, wherein the web
shaped from the raw material 1s transported vertically down-
ward to arrive at a redirection unit disposed on the path
along which the web 1s transported, and subsequently 1is
transported horizontally, with a direction of transportation of
the web being changed from a vertically downward direction
to a horizontal direction by the redirection unit.

5. The method according to claim 4, wherein the redirec-
tion unit comprises a non-contact transportation unit,
wherein the non-contact transportation umt applies floating
force onto the web 1n a non-contact manner by generating
ultrasonic vibrations and applying repelling force mduced
from the ultrasonic vibrations onto the web.

6. The method according to claim 5, wherein the redirec-
tion unit further comprises a contact transportation unit,
wherein the contact transportation unit transports at least one
point of the web floated by the non-contact transportation
unit while keeping 1n contact with the at least one point of
the web.

7. The method according to claim 4, wherein the redirec-
tion unit comprises a third ultrasonic vibrator and a fourth
ultrasonic vibrator spaced apart from and facing each other
such that the web 1s disposed therebetween, wherein the
third ultrasonic vibrator and the fourth ultrasonic vibrator
hold the web therebetween in a non-contact manner by
generating ultrasonic vibrations and applying repelling force
induced from the ultrasonic vibrations onto the web, thereby
suppressing vibrations of the web.
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8. The method according to claim 1, wherein winding the
web 1nto the roll comprises winding a protective film which
has been unwound from a protective film reel on a winding
reel together with the web such that the web covered with
the protective film 1s wound 1nto the roll.

9. The method according to claim 1, further comprising,
adjusting a tension of the web using a tension adjustment
umt disposed on at least one point of the path along which

the web 1s transported.
10. The method according to claim 1, wherein the web

comprises a thin glass web.
11. The method according to claim 1, wherein transport-

ing the web comprises transporting the web using a trans-
portation unit disposed on at least one point of the path along
which the web 1s transported, the transportation unit com-
prising a non-contact transportation unit and a contact
transportation unit, wherein at least a portion of the contact
transportation unit overlaps the non-contact transportation
unit along the path of the web transport,

wherein the non-contact transportation unit applies tloat-

ing force onto the web in a noncontact manner by
generating ultrasonic vibrations and applying repelling
force mduced from the ultrasonic vibrations onto the
web, and the contact transportation umt transports at
least one point of the web floated by the non-contact
transportation unit along the path while keeping in
contact with the at least one point of the web.

12. The method according to claim 11, wherein the web
comprises an ellective area and an ineflective area, and the
non-contact transportation unit floats the effective area by
applying the floating force onto the eflective area, and the
contact transportation unit comes into contact with the
inellective area.

13. The method according to claim 1, further comprising
trimming away an edge portion of the web using a cutting
unmt disposed on at least one point of the path along which
the web 1s transported.

14. The method according to claim 13, wherein trimming
away the edge portion comprises laser cutting 1n which the
web has no contact with the cutting unat.

15. The method according to claim 13, wherein the step
of suppressing vibrations includes suppressing vibrations
using a second vibration suppressing umt disposed on a
second point of the path along which the web 1s transported,
wherein the second vibration suppressing unit applies the
repelling force induced from the ultrasonic vibrations onto at
least one of both adjacent portions of the web that are
lengthwise adjacent to a cut portion of the web that 1s being
cut.

16. The method according to claim 13, further including
a third vibration suppressing unit disposed on a third point
of the path along which the web is transported, wherein the
third vibration suppressing unit suppresses the vibrations of
the web by applying the repelling force mnduced from the
ultrasonic vibrations onto the web before the web shaped
from the raw material 1s cooled to a temperature below a
soltening temperature thereof.

17. The method of claim 13, wherein the first vibration
suppressing unit 1s disposed on a first point of a path along
which the edge portion trimmed away and separated from
the web by the cutting unit 1s discharged 1n order to suppress
vibrations of the trimmed portion.
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